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I. :nn:a qac:nm c uenyneuon :uaccoll tn. npoexnea cnaHa Ha 

uanpaBJienme HUIJYJII>Ca (xeJIHCHTH) He eCTI, peJISITHBHCTCKHll HHBapHaHT. 

'1acTHna co CDHHOll $ neeT '.2.s + 1 COCTOSIHHit IlOJISIPH3an¼rn, xoxo

pue npeot,pa3YJ>TCSI ,1tpyr qepe3 .npyra npm Jiopeuneusx npeo6pasoBa

HHSIX. B npe.nene m-+O ( HJIH 'U" ➔ C ) xeJIHCHTH CTaHOBHTCSI pena

THBHCTCRHll HHBapHaHTOK~) a noilaTHe cmma TepaeT CUHCJI [I] . CHc

Teua 2C;.+1 COCTOSIHHlt nepecTaeT 6HTI, uenpHBO,ItHUOit, pacna,1taeTCSI 

'H onHCHBaeT CODORYfiHOCTI> <:>+1 pa3HHX qacTHI( C wccolt HOJII, H 

xemrnHTH: · ± '=' , + ~-1)., • • .. ± -i 7 0 (,1tJIS1 ne,mx cmmoB H ecJIH 

qeTHOCTI, coxpanSieTCSI; ,ltJISI noJiyneJIHX CDHHOD CHTyaI(HSI aHaJIOrHqHa). 

2. Xopomo H3BeCTHW npeuepou qacTHUH c uaccon O CJIYXHT 

cp0TOH, O6Jia,ItaJ:mi}11t .1tBYMSI COCTOSIHHm.m no.1rnp1t1SaI(HH (xeJIHCHTH paBHa 

! I), KOTOpHlt ODHCHBaeTCSI BeKTOP-DOTeHJ.tH8.Jl01l A. r , IlO,WU1.HSIDIIUUlCSI 

ypaBHeHHBU Ma.xcBeJIJia 

□ f\r-O~v/\v = - jf · (I) 

IlpH BRJIDqeHHH B :no ypairnenee wccoBoro qnena -m~/\t" ouo omicu

BaeT MaCCiiBHYD qacn1uy co cmmo:u: I H Tpewt 3Ha'CJeHHm.m xeJIHCHTH: 

!. I H o. B npe,1teJie \n.= 0 COCTOSIHHe C xeJIHCHTH O ucqe3aeT. 

3. Hama neJII> o6paTHTI, BHHMaHHe Ha TeOpHD, B EOTopon peaJIH-

3yeTCSI ,ltODOJIHHTeJII>HaSI CHTYanHSI; npH OTJIH'CJHOll OT HYJISI uacce qiopw

JIH3M 3RBHBaJIOHTeH BeETOPHOuy' a npH nepexo,1te K m= 0 OCTaeTCSI 

. iK)OnepaTOp XeJIHCHTH eCTI> (~~ _:. (s"n:) , r,1te S 
HBJIHOTCH onepaTOpOU COlfHa , a , r -HMIIYJU>C qaCTHnH• BeJUf'CJHHH 

f 0 = (5f) , r =.m,5 + p(n) O6pa3ylDT 4-BeKTOp. 
Po+m 

(CM.lJxoy l'yau-qxao H ll!HpoxoB l<z.1 ). 3Haa 3To, Wl B cocTOJIHHH 



HOTO~,.itellCTBHTeJILH0,06Jia,1taeT 0~1/IU COCTOJIHJ/Iell IlOJIBPIII38.IUfH, a 

CB06o~uv. <pOTOH-.JtBYUB: 

A c-~) -~ J... rJ:_1.),~\ 
t' r ~ t r ,f) 

'\:=-\ 
} t'Jf) ~~~(f)e~\p)- e~)(p)e~{p~I~) 

nerxo npoBepllITL npllI 3TOM, qTo xeJIJ/ICIII?H HOTO<pa o, a ~TOHa ;!:. I, 

~TOH H HOTO~ xax 6H ,JtOilOJIHSIDT APYr ,1tpyra. 

5. OruetHY e111e O,ItHO JIJ060IlllTHOe npOBBJieHHe ,JtOilOJIHHTeJILHOCTH 

3THX qacTIIIU. B reopllIJIX qx)TOHa H HOTOcpa noTeHURMaYH CJIYlltaT 

Benop - noreHUIIIaJI /\ r , TeHsop-noTenunan f ~v • 

HanpSIJ:eHHOCTmm noJia, He 3aBHCJUIWIK OT EMHOpoBKH, SBIJIDrca 

F ~" = or/\v~)\y. -- -t :0 .l (II), 
a...t"- """f €.t'V .>-.y .... T >-p • 

(HanpaxeHnocTL - 4-nexrop!)· 

YpanHeHHSI .itBHlltemrn B TepMHnax nanpHxeHHocren uoryT 611n san11canu 

' V 
'<>1-1.'P =-J o F =O 

I t-,v V ') t"- rv --,.. n --,.. Q.--'1..f 'Y :0 d=-Q ) 
ul:'....._v-uv t'- 2. t-v"llyJ)\f i ~ f' {12 

(ypaBHeHJ/IB MaKCBenna) 

6. Pasm1qirue npll HyJieBOti uacce Teopmt CTaHOBfiTCJI 3KBIIIBMeHT

HllllllI, eCJIIII uacca qacTHn Wl He panna HYJID npllI YCJIOBHH, qTo~) 

ot<j~=O l 

-1 • 
Jt-" =- "wi:~r-w"'-~o,.Jr . 

(13) 

*)Ee3 C06JID,JteHHJI 060IIIX orpaHHqeHHll (I3) Ha TOKH .naxe B CJiyqae 
nenyJieBOll uaccu BeXTOPHBJI III rensopHaSI TeopllIIII H83RBHBM8HTHU. no
KaJioHaB TeH30pHaJI TeopHB COOTBeTCTByer, noo6111e ronopa, HeJIOKaJIL- · 
non BexTopnott. _ 
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~eV.CTBHT8JILHO, B 3TOM CJiyqae ypaBHeHHJI 

Dhr~~'J~\1-~1.Ar--it' . □ trv.:O;)~ t"-..,+c):ci),J~r-m1t'~-JrtI4) 
CBO,JtJITCJI K o~on III TOR %8 CHCTeMe yptl.BnenHtt I-ro nopJI,JtKa 

. (\ -1 • 
. '-O~F~" -m-nv =-1nJv,rr V 1 ~(15) 

t.A r- - >. " - '>. h \[t'v=~ t'" "itrv>.y ~ 7'-y 
rr• rl"'v --:Ut"'t"\v 'Uyt"\t' • 

OnllicaHHe qacTIIIU co CilHHOM IC HeHyJieBoll MaccoR B BeXTOpHOM III 

teH30pHOM ~OPMMIII3Max H, B qacTHOCTH, nonpocu 3KBHBaJieHTHOCTH 

paccuaTpHBe.JI Ke&ep [ 3] . 
lIOCKOJILKY TeOpli.fl: MaCCHBHOrO IlOJISI A. r CO CilHHOM I, B3alIMO

~eRCTBYDmero c coxpa~n:nmH:ucs roxou,nepenopimpyeva, TO nepenopMIII-

, pye:ua H 3KBHBM8HTHaJI en TeopHJI :uaccHBHOro T8H30pHoro IlOJIJI co 

cnllIHOM I. 3To nepnuR H3BecriruR Hau npHuep nepeHoplfflpyeuon TeopHIII 

c pa3uepnon xoBcranToR CBSI3H. Hau npe~crannaerca, qTo TeopHa_ 

noToqia, xax npe,neJILBHR cnyqan, Tan:e nepenopi.mpyeua. 

7. IIpone.neHHHR aHMH3 na npHMepe BeKTOPBllX H T8H30pHUX nonen 

BHSBJIJieT HOBUe B03MO:EHOCTH OilllICaHHS qacTHU BUCmllIX CilHHOB, oco6eHHO 

npH MaCCe o. CTaHOBHTCB JICHHM, qro ypanHeHJ/Ie ,l.UIJI qacTHUH C HeHy

JieBOR uaccon rn.. III cnHHOM 5 npH nepexo.ite It m = 0 .JtOJil!CHO 

pacna;ItaTLCB Ha $ +1. (npllI coxpaHeHHIII qeTHOCTll) ypanHeHPIH, OilllI

CHBaDll!HX pa3JIHqnue 6esuacconue qacTllUH c xeJillCIIITH. ± s ) ±(s-1) .; 
· ·· ±1) 0 (ananor11IqHo B cnyqae nonynenux cnHnon). Ilpll arou Hy::mo 

HCilOJILSOBaTI, He TOJII>KO IlOJIHOCTI,JJ cm.meTp11IqH11e TeH30pH, Kalt 3TO 

061tenpHHaro (CM. /4/). HO CHlOleTpK30BaHHLl8 no .ltPYrHM 

cxeMaM DHra TeH30PH pa3JIHqHHX paHrOB, cnoco6HHX OilHCHBaTL CilHH S 

npH nenynenon wcce • 
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' 
TOnI,KO O)l;HO COCTOSIHHe C XeJIHCHTH Q • MilCJIHJ&ylD qacTHUY, JtOilOJlHHTeJII,, 

BYD no CBOID! CBoncTBcU! <pOTOHY, MU Ha30BeM" HOTO~" .-

0Ka3UBaexca, qxo BMecxo 4-Bexxop - noteHJ.UIMa, xoxopuu onz

cuBaexcn: q>OTOH, HOTO<p y;n;odHO omrnuBaT:r, aHTHClU,W:eTpHqmn, TeH30p

HllU noJieu frvG<) (TeH3op-noxeHIU1an). Ilp:eueu ;n;ns frv ypaBHeHHe, 

aHanornqHoe ypanueHHD MaxcBeJIJia, 

Dftw-0 ~>J>-v +o~~1~t' =- ~\~v 
, ( '.Iv!-'=-'.\,, , Ol'Jrv=O) , 

(2) 

YpanneHHSI (I) H (2) HHBapHaHTHH OTHOCHTeJIJ>HO KMHdponoquux npeod-

pa30B8HHn BeKTOp-nOT8HJ.UlaJia U TeH30p-noTeHJ.UlaJia, COOTB.eTCTBeHHO: 

D (\\\ ~t"/\ • ~ ~rv '"'or\v-()V}..\" ' (3) 

r,n;e l\(x) H ~)'(x) - _conepmeHHO npOH3BOJlbHH8 <PYHKI.\HH. 3Tll ypaB

HeHHH uoryT 6HTb BHBe;n;eHH H3 TpedoBaHHH HHBapHaHTHOCTH OTHOCHTeJib

HO 3THX npeodpa30BaHHll. 

4. Iloxa.xeu, q70 CBOdO;n;HHll HOTO!p odna;n;aeT TOJibKO o;n;HHM coc

TOHHHeM IlOJISIPH3aJ.UIH. ~JISI HarJISI)l;HOCTH HHTepeCHO pacCYa.TPHBaTb 

npeodpa30BaTJ> XeJIHCHTH B ~opeH~eBy CHCTeuy oxcqexa, )l;BHXYl!lYDCH 

co CKOpOCTblD l_-: i 0' = (-1-r-,'!)-½) ' . 

(stt}- ~(1.-~)(sp)-m'6(~f) = 
l "f + i'( Leff) '6!1 - r01\ 

= (srtJ + lfl(1~ P:ff) [(Ftt)(stt)-(sf)1+ o(rr\(~ 1rtV. 
IlpH m./tp\(1-fR') << 1 xeJIHCHTH npHdJimteHHO HHBapHaH'.rHO. 
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CBOdO;n;HHn HOTO<p napanJieJibHO C xopomo 3HaKOWM cnyqaey CBOdo,ItHoro 

<pOTOHa. McnOJib3YSI_JiopeH~eBCKYD KaJIHdpOBKY, MOXHO 3KBHBaJieHTHO 

npe;n;CTaBHTb CBOdo;n;HHe ypanHeHHSI, COOTBeTCTBYlDl!lHe (I) H (2), 

B ~H;n;e 

·□ A =0 .. . . r 
0 rAr=P 

o f~v=O ·, 

'"or-\--v=O 
(4) 

(5) 

(B KBO.HTOBOl!'. cnyqae ]l;OIIOJIHHTeJibHl,18 YCJIOBHSI (5) HaJiaraDTCSI ua 

Be-KTOpbT qm3HqecKHX COCTOSIHHn). YpaBH8HHSI (4), (5) Bee eme OCTalOTCH 

HHBapHaHTHI,JMJI OTHOCHTeJibHO KaJrndpOBOqHI,JX npeodpa30B~HHll ('.3), HO 

co CJie;n;ylDJIUIWf orpaHHqeHHSIMlf Ha BH;n; RaJIHdpOBOqHI,TX 4lYHKIUin: 

□ J\=0 □ A~_,--ot'dv\.-=0. (6) 

ITepen;n;eM B mmyJIJ>CHOe npocTpaHCTBO : 

f\Jx')-=~dp /\r(f')e-tl'x+ ~.c. 'tr~)=~df \{p)e-if"+1.c. (7) 

(r><=1~-po);o, Po=lp~ 
~JIJI no;i;cqexa qHcJia cocronHHtt pa3JIOXHM A ("f) H -J,.. .. (p) no 6a3ncy 

(.1) . (.~) ,.. 
Pt- ' et' ' et-' lf Y\.. r1 co CBOtlCTBm.m 

(eli)pY-0 , (e<.-i)eC.j))= 'b~i 
7 

( e(,:'rt}== 0, p1=0) n.?.=-1 .Ca) 

Pa3no2:eHHSI 3anucuBaroxca c.ne,nyDlltH.14 oopasow: : 
A i. '\ t.. 
t\r(f) L..J~e(\1+12,p } (P)='bre<1)ec2.)_e.(1)el2.))+)£.fi'1 ...t,~~ 

-~ ... , t1- rt' t"'l ~t-' V Vt" ~t\::t1Pv~~ri 
~ i ~~1 

+'t 1'1.1' ' + ~tt~~)h.v-{:\,~+(~t'~v-PJi;f ?) 

nonOJIHHT8JlbHHe ycr.OBHSI liCKJIDqaIDT Bee qJieHu, co;i;ep:mmHe n.t~ (x.e. 

\=~=i. =1 = 0 ), a F.MHOPOBOqHaH lrnBapml.HTHOC:rJ, ,];eJiae1· Hecyme..: 

cxBeHHUllH xoMIIoHeHTH, co;n;epll!:8.lltHe Pr . Taxnu odpa3ou, cBodo,];HH~ 
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8. 3an111meM xarpaHXHall ~JIR HOTOcpa u·ero B3amlO~eilcTBHR C 

m>YrHKH noxmm: 

£ =-10>---tr:-0.>. trv +oA f;,..:Ortt-v + d t-\\1 f ~v' • (I6) 

9. EcnH H8 xacaTLCH ~HaMHKH B3aH:tro~eilCTBHil, TO B pa10tax 

q><>pvam.HOil TeOpHH peaxUHll BOTO~ ecTL npOCTO qacTHna c uaccon 0 

111 XeJIHCJ/l?H o. CBoeoc5pa:me HOTOqa (xax H q>OTOHa) H118BHO B ~Hawrne. 

YpaBH8HHR ~HE8HHH .IVIK B3aH110'A8llCTBYJ)~ero HOTOcpa ycTpOeHH Tax, 

qTo BHpTyaJILHHff HOTO~ (nO'AOc5HO BHPTYMLHOyY !pOTOHy) nepeHOCHT 

. cmrn I. B 3TOM cwcne MO:!HO rOBOPHTL, uo none f ,....,., Tax ze, xax 

:e sxe:upo:uarHHTHOe none Ar, , ecn none co cnHHOM I. ·B qacTHOCTH, 

ecnH HOTO~ KOHBepTHpyeT B napy, TO nOJIHHH MOMOHT XOJiilll8CTBa ~BH

zeHHH napu c5y'AeT paBeH I TaK ze, xax 111 B cnyqae q><>ToHa. B TO ze 

BP81ffl B OTJIHqHe OT q>OTOHa .0-0 nepeXO'AH c HcnycKaHHeM HOTO<pa 

paspemeHH, qTO, B npHHUHne, MOrJIO 6H O~YCJIOB!HBaTL nepeXO,lUl 

Ko Ko · 
2. ~ -\ • 06Cyz'A8HHe B03MOXHOCTeil oc5HapyzemUI HOT<><la H BepXHelt 

rpaHHitH Ha BCJIHqHHY KOHCTaHT CBH3H C HOTOipoM BHXO~T sa pa.MKH 

3TOil 38ll8TKH. naxe He oqeHL Bepa B cy~eCTBOBaHHe HOTocpa, TPY~HO 

y~epmTLCH OT oc5cyx~eHHH TaKott xpacHBOH B03UOZHOCTH. 
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